AMENDMENT UNDER 37 CFR §1.111 
Serial No. 10/620,453 

AMENDMENTS TO THE CLAIMS 

This listing of the claims replaces all prior versions, and listings, of claims in the 
application: 

LISTING OF CLAIMS 

1. [Cancelled] A - m e thod - ^or - discriminating noise from signal in a nois e contaminated 
signals - comprising : 

decomposing a fram e of th e noise contaminated signal r oc oived-in - a pr e d e fined time 
p e riod into d e corr e lat e d signal compon e nts; 

for e ach compon e nt: 

i) r e cursively updating r e sp e ctiv e parameters charact e rizing a -Gaia s skn-noiso 

distribution and a signal distribution of th e -eompon o nt as ^ a function of 
timet 

ii) using th e r e sp e ctiv e param e t e rs to evaluate a composite Gaussian and signal 

distribution function to provide an e stimat e of nois e and signal 
contributions to -tho - eomponont ; ■ - and 

iii) att e nuating the component in proportion to the estimated noise contribution to 

the compon e nt. 

2. [Cancelled] The method as claimed in claim 1 wherein the signal i s^ - a noise 
contaminated voice signal - and- recursively - updating ■ comprises recursively updating 
respective param e ters characterizing the Gaussian nois e distribution and a Laplacian 
voic e distribution. 

3. [Cancelled] The method as claim e d in claim 1 wher e in decomposing the fram e 
comprises applying-a-matrix ■ transform -to- the ■ ■■ frame r which - consist s - of - a-pr e d e fin e d 
number of sample s . 
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4. [Cancelled] Th e method as claim e d in claim 3 wher e in-applying the matrix transform 
comprise s- mapping - tho frame of samples from a time domain to a fr e qu e ncy domain. - 

5. [Cancelled] The m e thod as claim e d in-claim A wherein mapping th e fram e comprises 
applying a discrete cosine transform to the fram e of sampl e s. 

6. [Cancelled] The m e thod as claim e d in claim 3 wh e r e in applying th e matrix tran s form 

compr i ses mapping the fram e of samples to basis functions, which are the 

component s . 

7. [Cancelled] The mothod - as - elaimod-in ' claim 6 wherein mapping the fram e comprises 
decomposing the fram e i nto ' at l east one of wavelets and sinusoidal functions. 

8. [Cancelled] Th e method a s claim e d in claim 6 further comprising r e computing the 
basis functions to adaptively optimize decomposition. 

9. [Cancelled] Th e method as claim e d in claim 8 wher e in applying th e matrix transform 
compris e s applying an adaptiv e Karhun e n Lo e v e transform. 

10. [Cancelled] The m e thod as claim e d in claim 2 wher e in r e cursiv e ly updating 

r e spective parameters compri se s -using a-valu e - computed during processing- -of -a 

pr e vious fram e to select which of the paramet e rs characterizing each distribution to 
update. 

1 1 . [Cancelled] Th e m e thod a s claimed in claim 10 wherein the valu e comput e d during 
proc e ssing of a pr e vious frame is an a priori probability that the frame constitutes 
n ois e ^ and using th e a priori probability to select which of th e paramet e rs to updat e 
comprises: 

a priori probability ' is b el ow -a-f )r e det e r mi ned threshold; and 
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otherwis e s e l e cting a m e asur e of variance factor that characterizes th o Laplacian 
distribution; 

12. [Cancelled] Th e m e thod as claimed in claim 1 1 wherein tho a priori probability is 
defined by e valuating a hidden state of a hidd e n Markov mod e l. - 

13. [Cancelled] The m e thod as claim e d in claim 12 wh e rein ■ recursiv e ly updating a 
param e t e r furth e r comprises incrementally changing the param e t e r in accordance with 
a-diff e r e nc e -b e tw een- an - expectod value of th e compon e nt giv e n th e past value of the 
parameter, and the value of th e compon e nt r e c e iv e d. 

14. fCurrentlv Amended] The method as claimed in claim 13 wher e in incr e mentally 
changing the param e t e r compris e s applying a first ord o r smoothing filt e r to th e 
compon e nts. A method for discriminating noise from signal in a noise-contaminated 
signal, comprising: 

decomposing a frame of the noise-contaminated signal received in a predefined time 
period into decorrelated signal components; 

for each component: 

i) recursively updating respective parameters characterizing a Gaussian 
noise distribution and a signal distribution of the component as a function 
of time; 

ii) using the respective parameters to evaluate a composite Gaussian and 
signal distribution function to provide an estimate of noise and signal 
contributions to the component; and 

attenuating the component in proportion to the estimated noise contribution to the 
component ; 

wherein the signal is a noise-contaminated voice signal and recursively updating 
comprises recursively updating respective parameters characterizing the 
Gaussian noise distribution and a Laplacian voice distribution; 
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wherein recursively updating respective parameters comprises using a value computed 
during processing of a previous frame to select which of the parameters 
characterizing each distribution to update; 

wherein the value computed during processing of a previous frame is an a priori 
probability that the frame constitutes noise, and using the a priori probability to 
select which of the parameters to update comprises: 

i) selecting a measure of variance that characterizes the Gaussian noise 
distribution if the a priori probability is below a predetermined threshold; 
and 

ii) otherwise selecting a measure of variance factor that characterizes the 
Laplacian distribution; 

wherein the a priori probability is defined by evaluating a hidden state of a hidden 
Markov model; and 

wherein recursively updating a parameter further comprises incrementally changing 
the parameter in accordance with a difference between an expected value of the 
component given the past value of the parameter, and the value of the 
component received; and 

wherein incrementally changing the parameter comprises applying a first order 
smoothing filter to the components 

15. [Original] The method as claimed in claim 14 wherein a time constant of the first 
order smoothing filter is chosen as a time during which the distribution is stationary. 

16. [Cancelled] Th e m e thod as claim e d in claim 11 wherein using th e resp e ctiv e 
p arameter s to det e rmine which of the param e t e rs to update compris e s computing a 
measure of fit of - the - compon o nts to a composit e Gaussian and Laplacian distribution^ 

17. [Cancelled] The method as claimed in claim 16 wherein using th e respective 
parameters to determin e which of th e paramet e rs to updat e furth e r comprises: 
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computing a m e asure of fit of oach of-the r e c e iv e d compon e nts to a r e spective 
Gaussian noise di s tribution defin e d using th e r e sp e ctiv o parameters; and 

comparing a mean of the measures of fit to th e resp e ctive Gaussian - noise distributions 
with a mean of th e measur e s of fit to tho composite Gaussian and Laplacian 
distributions, to compute a lik e lihood that tho - components of th e frame 
constitut e nois e or nois e contaminat e d voico signal. 

18. [Cancelled] Th e m e thod as claim e d in claim 17 whoroin computing a measur e of fit to 
e ith e r of the distributions-comprises ' evaluating the distribution at th e valu e of th e 
component-received: 

19. [Currently Amended] The m e thod as claim e d in claim 18 wher e in comparing a mean 
of th e m e asures of fit compris e s dividing a product of th e moasuroo of - fit- of the 
compon e nts to th e composit e Gaussian and Laplacian distribution by a product of the 
m e asures of fit of the component s to th e noise distributio n A method for discriminating 
noise from signal in a noise-contaminated signal, comprising: 

decomposing a frame of the noise-contaminated signal received in a predefined time 
period into decorrelated signal components; 

for each component: 

i) recursively updating respective parameters characterizing a Gaussian 
noise distribution and a signal distribution of the component as a function 
of time; 

if> using the respective parameters to evaluate a composite Gaussian and 
signal distribution function to provide an estimate of noise and signal 
contributions to the component; and 

attenuating the component in proportion to the estimated noise contribution to the 
component; 
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wherein the signal is a noise-contaminated voice signal and recursively updating 
comprises recursively updating respective parameters characterizing the 
Gaussian noise distribution and a Laplacian voice distribution; 

wherein recursively updating respective parameters comprises using a value computed 
during processing of a previous frame to select which of the parameters 
characterizing each distribution to update: 

wherein the value computed during processing of a previous frame is an a priori 
probability that the frame constitutes noise, and using the a priori probability to 
select which of the parameters to update comprises: 

i) selecting a measure of variance that characterizes the Gaussian noise 

distribution if the a priori probability is below a predetermined threshold; 
and 

ii) otherwise selecting a measure of variance factor that characterizes the 
Laplacian distribution; 

wherein using the respective parameters to determine which of the parameters to 
update comprises computing a measure of fit of the components to a composite 
Gaussian and Laplacian distribution; 

wherein using the respective parameters to determine which of the parameters to 
update further comprises: 

i) computing a measure of fit of each of the received components to a 
respective Gaussian noise distribution defined using the respective 
parameters; and 

ii) comparing a mean of the measures of fit to the respective Gaussian noise 
distributions with a mean of the measures of fit to the composite 
Gaussian and Laplacian distributions, to compute a likelihood that the 
components of the frame constitute noise or noise-contaminated voice 
signal; 
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wherein computing a measure of fit to either of the distributions comprises evaluating 
the distribution at the value of the component received; and 

wherein comparing a mean of the measures of fit comprises dividing a product of the 
measures of fit of the components to the composite Gaussian and Laplacian 
distribution by a product of the measures of fit of the components to the noise 
distribution. 

20. [Original] The method as claimed in claim 19 wherein using the respective parameters 
to evaluate further comprises using the likelihood and the a priori probability to 
compute an a posteriori probability that the frame is noise-contaminated voice signal. 

21 . [Original] The method as claimed in claim 20 wherein using the respective parameters 
to evaluate further comprises using the a posteriori probability and a predefined fixed 
set of transition probabilities to compute an a priori probability that a next frame 
constitutes noise-contaminated voice signal. 

22. [Cancelled] The method as claimed in claim 1 wherein using the parameters to 
evaluat e a composite Gaussian and signal distribution function comprises computing 
at least an approximation to an e xpect e d valu e of th e composit e Gaussian and signal 
dist ribution using a resp e ctive valu e of e ach compon e nt, and th e param e t e rs, to obtain 
a corresponding signal e nhanc e d compon e nt, if it is d e t e rmin e d that th e fram e is signal 
active. 

23. [Currently Amended] ThO '- me t ih e d^ Eh & lai m e d-in-claim Sa-wh e rein ' Computing at l e a s t 
an approximation comprises computing- a"pkce - wi s e - -fitnction -- approximation - of -- the 
e xp e ct e d valu e as a function of th e paramet e rs and th e compon e nt. A method for 
discriminating noise from signal in a noise-contaminated signal comprising: 

decomposing a frame of the noise-contaminated signal received in a predefined time 
period into decorrelated signal components; 

for each component: 
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i) recursively updating respective parameters characterizing a Gaussian 
noise distribution and a signal distribution of the component as a function 
of time; 

ii) using the respective parameters to evaluate a composite Gaussian and 
signal distribution function to provide an estimate of noise and signal 
contributions to the component.: and 

attenuating the component in proportion to the estimated noise contribution to the 
component; 

wherein using the respective parameters to evaluate a composite Gaussian and signal 
distribution function comprises computing at least an approximation to an 
expected value of the composite Gaussian and signal distribution using a 
respective value of each component, and the parameters, to obtain a 
corresponding signal-enhanced component, if it is determined that the frame is 
signal active; and 

wherein computing at least an approximation comprises computing a piece-wise 
function approximation of the expected value as a function of the parameters and 
the component 

24. [Cancelled] Apparatus for sp ee ch e nhancement, comprising: 

a signal transformer for doeomposing"a - "frame - -of"SamplQ S- <>f"a - noise - e0ntammated 
sp e ech signal received in a predetermined time interval into decorrelated signal 
compon e nts; 

a compon e nt distribution parameter r e vis e r for recursively updating r e sp e ctive 
param e t e rs charact e rizing a Gaussian noi se distribution and a Laplaoian sp ee ch 
distribution of each of th e r e sp e ctiv e components as a function of tim e ; 

a voic e activity d e t e ctor for d e t e rmining wh e th e r the nois e contaminat e d sp ee ch signal 
i -s- voic e activ e in th e tim e int e rval; and 
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a cl e an sp ee ch estimator for using composit e Gaussian and Laplacian distributions 
d e fin e d with the param e t e rs, and a r e sp e ctiv e valu e of e ach component to obtain 
a v e ctor of sp ee ch enhanced compon e nts, if it is d e termined by th e voic e ■■ aettv & y 
detector that the frame is voice active; and 

an invers e signal transform for r e composing th e fram e of sampl e s. 

25. [Cancelled] The apparatu s-- a s claim e d - in - claim --24- whoroin the clean speech estimator 
comput e s an expected value of -each of - ■ the composite Gaussian and Laplacian 
distributions to independ e ntly derive a speech - enhanc e d component corr e sponding to 
each of the compon e nts. 

26. [Cancelled] Th e apparatus as claim e d in claim 25 wh e r e in th e signal transform 
comprises moano for - d e composing th e fram e of samples using a discr e t e cosin e 
transform. 
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